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SELBCTIVE  REFLECTION  IN  THE  INFRA-RED  SPECTRUM. 


Ctrtain  substances  which  transmit  a  large  percentage 

of  the  incident  radiat:!on  in  the  visible  portion  of  the 

spectrum,  reflect  strongly  in  the  infra-red.   Of  these, 

one  of  tae  most  noteworthy  is  quartz.   It  has  been  shown 

by  Professor  E,  F.  Nichols*  that  in  the  neigiiborhood  of 

wavelength  8.5/^  the  reflection  from  a  quart!  surface  is 

20  or  30  times  greater  tnan  in  tae  other  parts  of  the 

spectrum,  and  tnat ,  consequently,  in  the  spectrum  of 

rays  after  tnree  successive  reflections  these  waves  will 

lose  little  in  intensity,  whereas,  those  lying  on  either 

3 
side  of  this  value  will  be  reduced  in  the  ratio  of  (20) 

3 
or  (30)  to  1.   The  spectrum,  then,  after  three  reflsctioni 

will  contain  practically  only  the  radiation  of  wavelength 

A  ■  8.5/./,  and  this  in  measurable  quantity.   Rubens  and 

Nichols**,  and  Rubens  and  Aschkinass* »•  have  employed 


•  E.  F.  Nichols,  Physical  Review,  Vol.  IV,  p.297  ,( 1897) . 
»•  Rubens  and  Nichols,  Annalen,  60,  pp.418  and  430  (1897) 
•••  Rubens  an.i  Aschkinass,  Annalen,  65,  p.  241,  (1398). 
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this  metiod,  commonly  known  as  the  method  of  "Reatatrahlen", 
for  the  detection  of  waves  of  great  lenj^th  in  the  infra- 
red. 

In  the  work  waich  has  been  done  bjr  these  inve8ti?ator8 
it  has  been  assumed  that  the  positions  of  the  reflection 
maxima  and  the  absorption  maxima  coincide,  and  dispersion 
formulae  have  been  used  in  order  to  predict  the  positions 
of  the  reflection  maxima*   This  assumption  is  not  entirely 
justifiable,  and  the  agreement  between  the  calculated 
and  the  observed  values  for  the  very  long  waves  is  not 
sufficiently  conclusive.   One  of  tne  objects  of  this  re- 
search was  to  accumulate  facts  which  might  possibly  throw 
some  light  upon  the  problem.   The  data,  however,  in  re- 
gard to  the  dispersion  of  substances  available  for  exper- 
iment are  too  limited  to  enable  one  to  draw  any  conclu- 
sions.  It  is  hoped,  nevertheless,  that  the  few  facts 
here  added  may  at  some  time  prove  useful  in  the  solution 
of  the  problem. 

Wavelength  measurement  by  the  method  of  "Reststrahlen"  is 
perfectly  simple,  and  will  be  explained  after  the  apparatus 
has  been  described.   The  following  is  a  list  of  the  sub- 
stances which  have  been  studied  by  others  and  the  wave- 
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lengths  of  tiisir  restttrahlen  measured  by  this  method  i 
quartx,  fluorite,  sodium  chloride,  sylvine,  mica,  marble, 
sodium  bromide  and  calcium  bromide*   A  detailed  discussion 
of  these  is  to  be  found  in  the  papers  referred  to  abov«. 
Each  substance  is  characterized  by  well  marked  maxima 
which  occur  in  the  grating  spectrum  after  three  or  nore 
successive  reflections.   Fourteen  other  crystalline  com- 
pounds have  been  examined  by  the  »Biter.    Seven  of  them, 
viz.  potassium  dichromate,  copper  sulphate,  tartaric  acid, 
ammonium  chloride,  potassium  sulphate,  potassium  bisul- 
phite and  potassium  f errocyanid e ,  show  unmistakable  maxima 
at  various  parts  of  the  spectrum.   A  few  words  with  ref- 
erence to  each  of  these  will  be  said  after  tae  apparatus 
has  been  described. 

Apparatus . 
Radiometer.       The  radiometer  was  selected  for  this 
work  because  of  the  great  difficulty  in  working  in  this 
laboratory  with  an  instrument  which  is  highly  sensitive 
to  small  changes  in  the  electric  or  magnetic  conditions. 
This  reason  has  barred  the  use  of  bolometer  and  thermo- 
pile, while  the  radiomicromet er ,  the  only  other  instru- 


•  •voun   e^    k«i«X«l*t    ■*l*q«f  M#  «1    imtt   •^   •#   si  •••«<#   !• 

»»tM»m   t^^inmm  XlM   t^   l»««lt*#«MM<»   ai  ••fi»*U»«  fi*4l 

•-ror   «io  ••^iii   «*4l«  wi#»«4»  i«i#«^]|  tril  mk  ««•»•  rfoidv 

-moo   •«iX|«/«t^t   ««{i»«   AV«#^«t      •»««(t*ttXtM  •vlc««»»«a 

•X«<at<  MitaaA^Hf  ,*laii<rX»«  «»ta*A#M   iftMv»Xjta  mukM^rmm 
imU«m  al<ljii«#atiia«  taiia  ,»M»«^a*«nttt   uilaMtiM   M«  •tlM 

•  Ian  Hii^  ai^av  val  A     •«v^#aMa  rndt   t«  alu^t  a«ait«T  #• 
tuSmtaqqa  miit  «•#)«  MM  ad  lltm  ••a<(#   U  il««tt  a#  aa««^a 

•  W4l«aaaft  «••«   MM 

•  wajteSitiA 

atfti    «a)    MiaaXan   aa»  ia#*«aiiMii   •    .  .«a^««i«ti«A 

airi#  8i  ^miif9  ml  xtlittkWlh  iMmtn  •ttt  la  •auaaari  ii««« 
•fl^ianaa  fXitSJ^f*  «^  rtainv  iifa«««#a«t  r«  litlv  t^ai«v«d«X 
.anot^ibaaa  »i^*«84M  ^ft  al«#aaXa  ari#  «l  aaa'Mta  XXaag  •# 
•OB^atit  b««  «a#a»«Xa4  la  a««  •at  b%niBit  ••A  aaMM*  a  tilt 
"uti^nk   t^tiio   xLn9  mni   ,t«la««naXMai»aii  ad>  altfiv  «*Xtf 


ment  which  can  bo  used  in  work  of  this  kind,  for  equal 
sensitiveness,  is  not  so  reliable  as  the  radiometer.    The 
latter  instrument,  undoubtedly  the  best  for  infra-red 
work  in  this  laboratory,  is  objectionable  on  account  of 
the  absorption  due  to  tne  fluorite  plate.   Above  11// 
practically  no  radiation  gets  through.   With  it,  there- 
fore, measurements  cannot  be  made  on  waves  whose  wave- 
lengths exceed  this  value. 

The  instrument  here  described  is  in  almost  every  re- 
spect similar  to  the  one  used  by  Professor  Nichols  at  the 
Yerkes  Observatory  in  the  summer  of  1900».   Two  verti- 
cal sections  at  right  angles  to  each  other  are  shown  on 
the  following  page.   The  scale  of  the  diagram  is  one  half 
natural  size  for  all  parts  except  the  suspension,  H,  which 
is  approximately  natural  size.   Tube  A  was  cemented  to 
a  drying  tube  containing  phosphorus  pentoxide  with  a 
Toepler  mercury  pump.   On  the  frame  supporting  the  pump 
was  also  placed  a  McLeod  gauge  which  gave  readings  con- 
sistent to  .001  of  a  millimeter  of  mercury.   The  openings 
at  the  lower  end  of  the  brass  case  R,  three  in  number, 

•  Astrophysical  Journal,  Vol.  13,  p.  301,  (1901). 
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were  mada  air  tight  in  the  following  way*   Ov«r  C  and  P 
glass  plates  wers  cemented  by  means  of  the  rubber  prepa- 
ration ordinarily  used  for  making  stop-cocks  air  tight. 
The  window  F  was  closed  by  means  of  a  circular  fluorite 
plate  about  2  cms.  in  diameter  and  2  mras.  thick.   This 
plate  was  placed  between  rubber  washers,  which  had  been 
previously  smeared  with  the  rubber  preparation,  and  lowered 
into  place  at  the  inner  end  of  a  metal  tube  extending 
almost  to  the  centre  of  the  case.   A  brass  ring  was  then 
screwed  down  so  as  to  hold  the  plate  in  place  and  secure 
an  airtight  fit.   The  dome  D  was  held  in  place  by  the 
same  rubber  preparation,  and  cemented  to  the  glass  con- 
necting tube  with  Khotinsky  cement.   The  rate  of  leak  of 
the  entire  system,  which  contained  besides  these  openings 
two  stopcocks,  amounted  to  about  .003  mm.  in  24  hours, 
which  is  not  large  considering  the  number  of  possibilities 
for  leakage. 

The  Suspension.  -      The  suspension  was  made  in  the  fol- 
lowing way;  a  very  thin  rod  of  glass  about  3  centimeters 
long  carried  a  cross  arm  near  its  upper  end.   To  the  ex- 
tremities  of  this  arm  were  cemented,  by  menas  of  hard 
shellac,  rectangular  mica  vanes  covered  with  lamp  black. 


<   4«n  tit  tiiim  ^7*#««  ^XM<oi««M 

^nioneJ'x*    •uwT    ;                     '    ,    |«9    t«JM<    •Hi    tB    ••«Xt    •ifll 
nan't    ••«  |att   ta««d   .         j   till    )•   •iii>«»  •di    at   #«miI« 


»ri*    X<1    •»*Xq    ^t  ^*   aifT      .lit    *n'jJt*«l«    KM 


lo  i«*X   l«  v^a^  aA     ,}  ^  rtim  m4ui  iiiU*»a 

,%HifH  *k  at     Ml   •••.    #a«4a  o»    fe»M««««  , •<•••%•#•  •«# 

ant it«^   J«i»»l 

•xa    aii}   af  vM*  %»<[f»  •fk  ^m»rt   v^»  •••H*   «   §«tir^««   »ii«X 

feiiit  4   •»  atav   m%m  •itit   It     *a 

.iaAld    ^rml  tit                                               tm  «*XitSff«#»«^   ,»«ii«i>a 


The  lower  end  of  the  vertical  rod  carried  a  small  mirror 
placed  at  right  angles  to  the  plane  of  the  vanes.   A  dia- 
gram and  the  exact  dimensions  of  this  suspension  are  given 
below. 

m  n  =  32  milliraeters . 

Vane  on  the  right  of  the  diagram. 

Length  =  .5313  cm. 

Width   =  .0685  cm.  (mean) 

Area    =  3.63  7  sq.  ram. 


H: 


Vane    on    the    left    of    the   diagram. 
Length    ~    .5305    cm. 
Width      =    .0687    cm.    (mean) 
Area         =    3.641    sq.    mm. 
ab    (    outside    measurements)    =    .5401    cm 


ed 


•  .iii27      •• 
=    .5414" cm, 


Mean 

1/2    X    .5414    =    .2707    cm. 
OH    (measured)     .2728    cm. 
Site   of   mirror   3x3    sq.    mn. 
Total   weight    6    3/4   mg . 

A  quartz  fiber  attached  the  suspension  to  the  torsion  head 
S  ens  i  t  iy  e_n_e  8.8  • 

In  the  radiometer  it  is  well  known  that  there  is  a 
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critical  pressure  at  which  the  aensit ivenees  is  a  maximum. 
The  accoKiFanying  curve  ehowe  the  relation  existing  between 
••Bsibility  and  presfiure  for  the  instrument  under  consid- 
eration*  Abscissae  are  pressures,  ordi nates  deflections* 
In  plotting  this  curve  there  was  used  a  76  volt  direct 
current . Nernst  filament  supplied  by  a  storage  battery  with 
a  constant  current  of  0.32  of  an  ampere. 

At  the  time  the  observations  were  made  the  battery  was 
being  used  for  nc  other  purpose.   It  will  be  observed  that 
the  maximum  sensibility  falls  at  about  0.15  of  a  millime- 
ter.  This  critical  pressure  varies  rreatly  in  different 
instruments.   Values  ranging  from  .05  mm  in  Nichols' radiom- 
eter to  0.15  mm  in  this  case,  are  to  be  found.   It  has 
been  suggested  that  the  McLeod  gauges  which  have  been  used 
to  measure  the  pressure  are  responsible  for  the  discrep- 
ancy. 

The  sensitiveness  was  also  tested  by  means  of  a  paraffin 
candle  in  order  to  compare  it  with  that  of  other  instru- 
ments of  a  similar  construction.   The  three  radiometera 
comparsd  in  the  following  table  are,  Radiometer  used  by 
Nichols  •,  at  the  Yerkes  in  1900.   One  used  by  Stewart**  at 


•  E.  F.  Nichols  ,  I.e. 

••  Physical  Review,  13,  p.  263,  (1901) 
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Cornell  in  1901,   Radiometer  ueed  in  this  investigation. 

The  deflections  have  been  reduced  so  that  the  numbers 

correspond  to  deflections  on  a  scale  one  meter  from  the 

mirror  due  to  a  candle  one  meter  from  the  vane. 

Comparison  of  sensibilities  of  various  radiometers  . 

Comarison  source  -  a  paraffin  candle. 

By'  whom  A r^~  of   D e7 1  e c -  "  D eYle c -   ReTaTi ve   Time" "re-" 

construct-  Vanea,  vane  in   tion.Can-  tion  per  seneibil-  quired  for 
ed«  sq.  mm.  die  &      eq.  mm.   ities.     max.  def. 

scale  1  m  in  sec. 

off. 


Nichols.    Mica. 

3.14      395        126 

1.0 

5.5 

Stewart.   Plat- 
inuB. 

30       1467         49 

0.4 

40 

Mica. 

30 

1.5 

300 

Porter.    Mica. 

3.64   1000         275 

2.0 

45 

Dif ficultiee. 

The  difficulties  met  with  in  ATorking  with  a  radiometer 
have  several  times  been  enumerated , but  a  few  words  with  ref- 
erence to  them  in  the  present  case  may  not  be  out  of  place. 
In  general  troubles  arise  from  four  sources;  namely,  (1)  un- 
steadiness of  the  zero  position,  (2)  mechanical  jarring,  (3) 
leakage  of  the  radiometer  case  and  connections  and  (4)  static 
charges  on  the  vanes.   Leakage  and  charges  on  the  vanes  gave 
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practically  no  trouble  after  the  instrument  was  finally 
gotten  into  working  condition.   The  rate  of  leak  as  hae 
been  seen  was  too  small  to  be  in  the  least  annoying,  and 
the  sit©  of  the  vanes  permitted  them  to  be  placed  at  such 
a  distance  from  the  fluorite  window  that,  while  still  ful- 
filling the  conditions  of  sensitiveness , they  could  turn 
completely  round  without  striking  against  it  and  conse- 
quently becoming  charged  as  frequently  happens  in  the 
case  of  larger  suspensions. 

Unsteadiness  of  the  zero  poiition   has  given  far 
more  trouble.   In  so  sensitive  an  instrument  it  Is  to 
be  expected  that  such  a  difficulty  will  arise.   This  va- 
riation of  tne  zero  in  the  radiometer  may  be  reduced  in 
two  ways;  (l)  by  care  in  the  construction  of  the  sus- 
pension and  (2)  by  guarding  against  irregular  distribu- 
tion of  the  radient  energy  reflected  from  objects  situated 
obliquely  in  front  of  the  fluorite  window. 

If  the  suspeneion  were  perfectly  symmetrical  with  ref- 
erence to  the  axis  of  rotation,  any  source  of  radiation, 
no  matter  how  intense,  to  which  the  vanes  are  equally 
exposed,  should  produce  no  e<'fect.   It  is,  however,  not 
possible  to  secure  perfect  symmetry  ,  therefore  deflections 


&fl«  ,'  i»x)/  at  •d  *#  lltfst  ••#  t«»  «••€  •••tf 

;49ij«  #*  uo^^xH  >"  '^  ■•(«#  *«#ii«««f  ••nay  •*$    1*  Mt«  •!<# 

•  lul   llkin  tXinv  ,#»«ii  «»k«iv  «#iiiMn   •at  awl   ••Mttik  « 

•••«••   M«  #1  #Mii«i«  8«tiit#«  #««ltA«  iBPtt  fX«#«X««M 

•ri^   nt   •a««f«f(  t^'***M^t   ••  tolUMl*   t'i«««M   tXtatup 

•  •ff*t»a*9t0«  1«8V«X   !•  ••iM 

U»  x^Xttlllift  •  00m%  $mni  *•#•#««•  U 

ax    !ia9U&c  ■»»«ti«^  till   «1   •«••    Ot    !•   «•!#«!« 

••U«    •.,«      .^    ..,     .^..  i«««0»    ffit    Bk    •«••    ftf     (X)     |»f««    OVl 

•>i«4l«#0lft  iiaXMg««tl   t««l«^«  BS^MftHi  ttf    (ft)  »A«  ■•(•Atv 

b9^«if#it   alavi^t  ••vl    ft»#»*X1«^  tr*»>*  #sttM«  •it   !•  ■•!# 

•««k/ii«  •#iY««Xl  mtii  %•  #a«lt  «1  tX«9fli4* 

.noi^AiMY   1*  ••tym  t>*   ta«Xl«^«ii   >•   •<««  •tii   •«   ••aan* 

tXXjti't  ana  •••«▼  till  4»trt«  a^   (••A*^ni:  «*ji  i«##a«  •«! 

ton    ,l«v«««rt   ,«i    #T      •#MU»   ••  ••viioif    Wfiftda   |ft««o«Jl» 
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may  arise  due  either  to  the  unequal  absorption  of  radient 
energy  by  the  vanes  ,  or  to  inequality  in  the  length  of  the 
two  arms,  or  to  both  these  causes  combined. 

Furthermore,  the  vanes  are  located  at  the  inner  end 
of  a  comparatively  long  tube,  consequently,  if  the  objects 
situated  obliguely  in  front  of  this  tube  radiate  unertually 
it  is  possible  that  both  vanes  may  not  be  at  the  sane  time 
exposed  to  the  action  of  equal  forces.   There  will  there- 
fore result  a  rotation.   This  difficulty  may  be  over- 
come by  resorting  to  screens  which  will  assist  in  se- 
curing a  uniform  distribution  of  the  energy  in  the  neigh- 
borhood of  the  radiometer.   The  figures  given  above  ^^ivw 
soinn    idei-t  in  TaziVA    to  thr  symmetry  of  tne  suspension 
and  the  diagram  of  the  apparatus  sho.?s  the  positions  of 
the  sheet  iron  screens  about  the  radio:neter. 

The  source  of  the  greatest  annoyance  has  been  me- 
chanical jirring.   The  radiometer  as  well  as  other  parts 
of  tne  apparatus  was  supported  upon  marble  slabs  resting 
upon  iron  bars  built  into  the  wall  of  the  laboratory. 
Nevertheless  it  was  impossible  to  make  observations  during 
the  day  time.   In  tne  experiments  on  the  Reststrahlen  the 
readings  were  all  taken  between  the  hours  of  8  and  12  P.M. 


ox 


9di   \9  d^^o*!  •dt  at   ^iHmupmrnt   ai  "vo   ,  aafi«¥   trii   t**   xS^*"* 
.fMRidll«9    ••■»••    outfit    dto4    9t   V«    e**^*    •«# 

i;cx«sr*Mi  9t»thM^  94tit  mkAi  1«  #••««  mk  ^Um^IU^  ^*tiit% 

•ffixl    •««•   9tii   *B  *4   #•«  fMi  ••HAT  4i»¥   #«4#  •X«i««M  •!   #1 

-•i«ri#  XXiv  •^•ilT      .■••«Mt   Ismp^   !•  «•!#•«  •!(>    o#   i««»<r>* 

•0t  at  #•(••«  XXtv  riftlilv  %a—n99  •*   i«it«*«*ii  Yd   •«•« 

TiT»,l9n   •tit   ai   fiv«n«   trti    1«   ii«itiMdlt#«tb  ■n«ll«v  «   8«£n»a 
bvt^   »vod^  AUgit   •!!?      .it^effAtbjit   aili    \a   M^rfnod 

^o   kn  '>'•!   atiianmqqt  •as   ya  ■tf^irlft  •!<#   Mt 

-•v  ffotd   aciii   •on*Y«0aa  tmtaatz  •nt  >•  •tT»ea   aiiT 

aitaq  tatita  am  XX#«r  ac  nr«»av«tb«<t   adT     fl9«i'rn*(    [aaiflail* 

^flilaan  ad^Xa  aXd^AB  ma^ti   bainoqqit   •««'  aaiananna  •ni   \o 

*xnaiana6al  •tis   \a  XX««  aa4   oiat   tllud   ana4  iiatX  aaqu 

3/11 71  ;)   ««eli'arn«a<io   feHaa  «#  tXditaaorrai   •««  #1  aattmiiitaraM 

9113   itaLHantaiaan  mhi  aa  •/■•siiaqs*  aai  at     »tmtt  x^^*  a^i 

,u,H  ^i   baa   8   I0  •^naK  •(<#  «ta%#«d  m4«#    lla  a^aa  miatkman 
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when  there  was  no  otner  person  in  the  building.   Even 
under  these  conditions  touch  time  was  lost  in  waiting  for 
the  effects  of  pasaing  cabs  to  subside.   I  have  found  tnat 
when  perfect  quiet  is  obtained  the  deflections  of  tnis 
instrument  are  entirely  reliable  to  one  tenth  of  a  milli- 
meter  on  a  scale  one  meter  off. 

The  spectrometer.    -     The  divided  circle  used  is  one 
which  has  been  employed  in  this  laboratory  for  testing 
small  plane  gratings.   This  circle  was  sat  upon  e^    heavy 
iron  base  and  a  steel  arm  so  mounted  that  it,  together  with 
the  circle,  could  be  rotated  in  a  horizontal  plane  about 
an  axis  pasning  tnrough  the  centre  of  the  circle.   This 
arm  carried  three  things;  ( l)  a  small  concave  mirror  52 
cm  radiue  of  curvature,  made  by  Bausch  and  Lomb ,  (z)    a 
Nernst  filament,  the  ballast  being  placed  on  the  wall,  and 
(3)  a  wire  grating  so  mounted  thiit  the  axis  of  rotation 
lay  in  the  plane  of  the  wires.   The  second  mirror  of  the 
spectrometer  which  was  of  the  same  size  and  -nake  as  tne 
one  -nentioned  above  was  fixed.   The  arrange-nent  of  the 
apparatus  Is  shown  by  the  diagram  on  the  following  page 
which  represents  a  horizontal  section. 

The  letters  indicate  the  followingi 
A  spectrometer  table. 


II 


'    h:^B«l    una    od-    •iii«xl*t  X-^^*^^^"*    •til   #B««i><l#aCl 

.  rto  %•#•»  •«•  aXatt  «  ••  t##Mi 

uno    a£    »••■   sXtttt    tehlrift  tdT  .T»#»«o<»>t^t    »riT 

ini#t«t    «•!   T*o#M*tf«X   itilt   II  ft    n»»if    %mH  fC«J!K« 

^▼«aii  #  ••fit   ^Aa   •««  •Is^ta   att^T      ,n    '^  '  tmnn   titBlf   iJiMit 

fi.>ocii    aiurlq   XA#iioalt«it   a   (il    ft«#«#*^  •<    klvta   ,aIoit9   ai^i 

aldT      .alAtia   an^   !•  •t#fl««   •f4#   Hfi^o^rtf   tulnacq    alx«   •• 

i-i  ^Ai^ta  aviioa**   XlMa   a    (X)   \B$Mkrii   •^^lii   hukitBo   bh* 

a    (:  )   ,d«*J   f>n«  liaaai"  '    r   ,«^kJ«vYiio   le   aiii%«i  aa 

')rrjt   IIa«   axii   ao    baaalff   ,  il«d   aii^    ,#naraXi1   tunt^U 

R0i7«^«t  !•  tixtf  aH^   tjnit  hmtaym  o  s«t#«^|  t^l»  «   (C) 

•  ri^    ta   ^•niXv    (Mioaaa   adT      .aatl*   •/(#   lo   anaXf   arii   at    t«^ 

•  n^   aa  aila*   b»B  •■!•  ftStfa  Btit   !•   ••«  liflrfV  ^•tatfovioafa 

•Ht   1»  #«arttii»?<r4i  aift     *i»jiX1  ••«  •▼•««  ^vattnar   aao 

a^ifr   '',c:»arXa)   i>Hi   na  aA^aAt*  ari#  ^6   cvana   al  aftflanaq«« 

•aeiiaaa   X«#nMiltari  a  a#«a»a^fat  rialdv 

ISBlaaXXal   •ris  mfthat   t^a##aX  aiiT 

.aloai   ^aiaaonta^fa  A 
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n  Nernst  filament* 

Q  sheet  iron  screens* 

W  steel  bar. 

m  d- silver  on  glass  concave  mirrors  • 

G  grating. 

K  movable  screen  operated  by  a  string  in  the  hand  of  the 

observer  at  H. 
V,  V  verniers  . 
S  slit. 

S,  S,  S,  surface  under  consideration* 
M  large  silver  on  glass  concave  mirror* 
R  radiometer. 

C  and  D  switches  in  the  incandescent  lamp  circuits* 
F  a  resistance  box» 
L  a  brass  rod  by  means  of  which  the  bar  W  can  be  turned 

about  0. 
T  a  telescope  for  reading  the  radiometer  deflections* 
T'  a  telescope  for  reading  the  vernier* 
B  an  ammeter  indicating  tae  strength  of  tne  current 

through  the  Nernst  fila-nent* 
I  a  sheet  Iron  screen  surrounding  tho  radiometer  and  mirror 
P  a  plane  silver  on  glass  mirror. 

The  large  mirror  M  was  made  by  Bausch  and  Lomb ,  and  has 


•%«<  l—im  t 
•  »Y««4|«  •««#»••  •••Xa  M  ttvSla  at  a 

en^    to    b««ri    •«;^    nt    S*^*"-  - 

•§«alB«tv  V  f 
•#1X«    8 

7«lNM»  tt«t^««    B    8    B 

•  tuti if    »vi  i'z   lift   ^•vXta   9t^»l   M 

.t •#•■•!%««  n 

b9ttirv#  •«    1TJB9   W  t«d    Arii^  rttttiiv    > ->  o*r   ata^   •  J 

.^u-f  ■■      .^ai-r^    f  .    ntvlla    •nsX^   «  If 
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a  diamatar  of  12  era  and  a  radius  of  curvature  of  ^6  cm. 
All  the  mirrors  used  were  very  good. 

In  order  to  read  the  vernier  V  by  means  of  the  tel«- 
acope  T*  a  small  plane  mirror  was  '^nounted  above  it  making 
an  aagla  of  ts'  to  the  1»ertical.   A  rainature  incandescent 
lamp,  wnich  could  be  turned  on  and  off  by  means  of  a 
switch  near  the  observer  at  H,  illuminated  the  scale  and 
vernier.   It  can  be  seen  from  the  arrangement  of  the  appa- 
ratus that  while  taking  a  series  of  readings  it  is  en- 
tirely unnecessary  for  thft  observer  at  H  to  change  his  po- 
sition and  this  rarely  occurred. 

The  Bource. -     The  source  was  a  76  volt  .44  of  an  ampere 
direct  current  Nernst  filament  supplied  by  a  storage 
battery,  which  while  readings  were  being  taken  was  in  use 
for  no  other  purpose  save  for  supplying  the  14  volt  incan- 
descent lamps  wh'Ch  illuminated  the  scale  and  vernier. 
These,  as  a  rule,  were  kept  burning  continuously   during 
a  series  of  observations. 

The  source  circuit  contained  in  series  a  reaistunce  box 
and  milliammeter  so  placed  that  the  current  could  be 
watched,  and  if  necessary  co»ntrolled,  while  readings  were 
being  taken  without  tne  observer  coving  from  position. 


.iro   di    lo  0tui*Tnti9   "itt  ail  SI  ^^  n»i—imih  9 

V06M    »•>  n«<i«A»   •■#!«   XX«it  «    *t  •!••• 

^n4|»9*bn«»Bi    •IwiTAfticT    A       ,lM9:.^ft  mii    •#    t^   1*  tls**   «• 

a    b«r(^u#   m<j    hlV99   rOlA*  tfi^X 
.   «.    «^«»u  ^i.    ,R  #«  ««v^»td*  m$^i  «•••   fl«#t«t 

•«<!?«   »!<*    ^o  •r{i   »ot^    n-t»«   ec:    rja    ft      •^•ian»v 

ei»qm«   na   \p   *♦•   #Io»   dT  «   ■«•   •e«rooa    •"•'^  -.^»^ii»t   »4T  ^ 

•HA ant   #XoT  ^<  •!!#  fAlxXf^va  «•)   vvAt  •••f'ivf  %«ii#*  Mi   vot 

••VvtnitT   bn*  •£«•■   •!(#   ft«#«ifl»iiXXi  ii»>tm  •qmtl  #«#•••* 

^nlTvk     t^**'*<'ai^fl*«   ^ukutmd   d-q«i  tn**  ,«Xwf  «  ••  (•••fit 

•  •<i*i^»T««»4*   1*   ••t<i««   a 
xoc    oortij^aiaai   «  aaita*  n^a   ^iaavl«  tt^v^a  •/>? 

Slav   •'^ftJibaafi  •tttiw  fftaXXantnos    ^^••••••b   II    Imij   ,^iial«« 


The  current  variation  \?as  very  small,  never  exceeding 
a  hundredth  of  in  a  ipere  and  frequently  absolutely  no 
change  in  the  reading  of  the  anmeter  could  be  detected. 
The  gyrating.-     The  grating  was  made  in  a  way  similar  to 
that  described  by  Rubens  and  DuBois  in   Naturw  ,  Rundach. 
8,  (No*  36  }  1893.    A  heavy  brass  frame,  represented  in 
^         ^       the  diagram,  was  placed  in  a  lathe, 

^^  'la^ •^  n-f->/i '      the  ends  of  t#o  ^irea  of  as  nearly 

|«  ■     ^ 

the    sa^ne   diameter    as    possible 


/VL 


Ll       soldered  at  A,  and  wound  under 

tension  about  M  and  N.  After  per- 
haps five  centiaetars  of  the  length 
of  the  frame  had  been  covered  in  this  way,  the  wires  were 
soldered  at  B  and  the  whole  stretched  by  means  of  nuts 
H  and  K  provided  for  the  purpose.   One  of  the  wires  was 
then  cut  and  carefully  unwound,  while  the  remaining  one 
was  made  fast  to  the  brass  pieces  M  and  N  by  depositing 
electroly tically  upon  them  a  comparatively  heavy  coating 
of  copper.   This  done  the  wire  on  one  aide  was  cut  away. 
The  spacings  between  the  wires  of  a  grating  made  in  tnis 
way  are  very  nearly  equal  to  the  diameter  of  the  wire. 
The  grating,  constant  was  determined  by  means  of  a  divid- 


»b9io»S9b  td    f»X««9         '  t  at   ^^naiio 

.rlo«6niiff    •    mtot'  99«(l    bn«   •«»4vt  t^    h94tno»9h   tMnt 

ni.   »##«•••  4«V«   \9»v  .  ,e 

fbmit    u.  "^4   k«Y»ftXe« 

•1I»«    ••Yt«   •lit    t««    alhl    ai    ft«5«r*t    n»»Q    «ir(.    mamii    b.  .r    I9 

t^vii   t«  »«•••  t^   Mil*^«^ti   •l*fi«  •!!#   tea  8  #«   l«<i«l»Io« 

••V  ••nlv  •«{#   t*  •«•     •••«f%M  •^  t*t  Mbiron^  X   i>na   H 

•«•  j|iilBlM!«i   vn^   •Xtii*  «i0««WW  tlXMt*n*t   bna   ;f^ 

anl;rt«oq«ft  \4   K   b««  If  ■•••£!  sMttf   tftt   o#   #■«)   •^^'r.   ««» 

•  X«V«   ^i/j    8J8»    tfcta   •ff«   «•   a^tv   •I'i    mnob    ■?. i?      .-le-iqftd    to 

.*T  :i«l*    Vlll    0#    XMfe  ^v    v^a   fCV 
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ing  engine  as  follows.   A  setting  was  iiade  on  the  edge 
of  each  wire  and  the  value  of  each  space  deterained  for 
the  whole  grating.   The  mean   of  these  values  was  then 
averaged  with  the  value  of  tne  constant  found  by  taking 
the  first  and  last  readings  and  dividing  the  difference 
between  them  by  tne  number  of  spaces.   The  value  of  the 
constant  for  the  grating  used  in  the  wavelength  determin- 
ation was  found  to  be  0.2414  of  a  millimeter. 

Adjustments  were  ?iad  e  in  the  following  way.   After  having 
first  placed  the  grating  G  so  that  the  plane  of  the  wires 
included  the  prolongation  o :'  the  axis  of  rotation,  as 
nearly  as  this  direction  could  be  determined,  the  mirror 
m, was  moved  along  W  until  the  reflected  beam  became 
parallel,  then  rotated  about  a  vertical  axis  until  normal 
incidence  upon  the  grating  was  secured.   By  means  of  m^, 
the  spectrum  was  brought  to  a  focus  in  the  plane  of  the 
slit  S.   These  adjustments  having  been  made  It  was  then  onlv 
necessary  to  turn  the  rod  L  in  order  to  bring  any  desired 
portion  of  the  spectrum  upon  the  slit.   If  the  slightest 
change  in  tne  angle  of  deviation  was  to  be  indicated  by  the 
radiometer,  it  was  necessary  that  the  ima^-e  of  the  fila- 
ment and  the  slit  S  should  have  exactly  the  saae  width,  and 


•  8*«    An  %niiifm   A      ••«»IXol    •«  •rtt,<;a«   jet 

ii»t    k^atL  ....^=.   ..>.,»    <{»«•    !•   ••X«T   td#   6ii«  •«£«   n»»»    )• 

9»^  ■^•9    Mt    %•    Mllav  tf%a%9W» 

••a«^«t1t»  •(>«   iMt^vlft  iM   •$«>*•««   t—i   MM  #a^lt   Of 

•  lit    1ft  •«X«V   ftllT      ••••#§•   1*  ^tfaHfl   •»#  t^   «•!<#   a^—t%4 

•  r.h».«r.  ^«f.   n#9a«Xftv««  tfif   al   !•««   i«ll«Y«   ftiii  ^ftt   #>«#•«•• 

•nt#*«lXXA«i  •  t«  *1M«0  #4   •«   MKol   »j«  oi#« 

••ntv   tiif  !•  •••if  •lit  Bat   k*%miq  tA^H 

••  ^99kimi%n  \o  3f>«X«««  t^t  H^X*«I 

if^-t-^*   ftnt    ,toRl»^&  _  '    ^~    ...  -^    ....Jtftvik   •!«#    ••  |i<|«ft« 

aat^tftd    WMrf    to^»*i1ft«    Ml#    it#«»  f   ^mlg    »•▼•■    ••«  « 

Lemnon  Itim  •!••  X«*i#«*Y  •  tmmda  i«#*i  ,  I«XX«i|#« 

■  )•  •••••  fi    •!•«••••  ••«  a«<^««a  ••'  "M*  ••••fti»«i 

•ri#   1ft  •u^tn  •ti*  at  ftvftftl  •  ft#  #4«»ftirtf  ••«  av^tftftfft  •!(# 

lAft  ••!<#  ft««  .4i    •H«">  '^••4  iplvftit  ttatirttftli*  tstiT     •!  #iXft 

bft*ttftftk  ffl^  i    ««Wft   nt  4  »•«  ft^t   •«•#   •#   f«««ftftftM 

^■•irigtr*  •it#   IX     •tllft  M#  MfV  «•«#••«•  M#  %•  ••tt^ftf 

•n^  t'  ^^ftotMi  ftri  •#  ••«  iMitftlv^ft  1ft  ftis^ft  •!!#  at.  ttaMlft 

-ftXtl   vru   1ft  ft'<ft«t  miit  imn»  f««ft«ftftfta  ft#v  #1   ,^t9m%lkai% 
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since  the  mirrora  m^ and  m^had  the  same  focal  lengths,  S 
had  to  have  a  width  equal  to  the  diameter  of  the  filament 
in  order  to  secure  tnis  result.   This  wndth  was  generally 
slightly  less  than  one  milliTueter. 

As  soon  as  the  current  begins  to  flo*  tnroagh  a 
Nernst  filament  the  fila  ent  twists  out  of  its  original 
position.   Observation  hov/ever  showed  that  after  the  cur- 
rent was  once  started  and  the  filarnent  adjusted  parallel 
to  the  slit  there  was  no  relative  shift  of  the  image 
and  slit  during  a  series  of  observations. 

The  surfaces  S,  S,  S-  ,  supported  on  comparatively  heavy 
iron  blocks,  resting  on  a  wodden  platform , were  placed  at 
about  the  angle  represented  in  the  diagram,  no  special 
care,  however,  being  taken  to  secure  accuracy  in  this 
respect.   The  mirror  M  focuB«d   the  image  of  the  filament 
on  the  radiometer  vann  which  was  slightly  smaller  than 
the  image  itself. 

The  method  of  measurement  is  this;  note  the  spectrom- 
eter reading  when  the  central  image  is  focus**   on  the  vane, 
pass  the  spectra  across  the  slit  by  turning  L  and  if  the 
surfaces  show  selective  reflection  for  a  particular  wave- 
length, the  deflections  of  the  radiometer  will  rise  to 
a  maximum  as  that  portion  of  the  spectrum  falls  on  the 
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silt.   The  difference  between  the  spectrometer  readings 
in  the  t*o  cases  is  the  angular  deviation.   The  sine  of 
this  angle  times  the  grating  constant,  if  the  spectrum 
be  the  first  order,  gives  the  wave-length. 

Before  making  any  new  measurements  it  was  thought 
best  to  repeat  some  which  had  already  been  made.   For  this 
purpose  four  quartz  plates  4x4  era.  were  placed  at  the 
points  indicated  in  the  diagram.    The  sensibility  of  the 
radiometer  was  such  that  the  aperture  of  the  mirror  m  had 
to  be  reduced  considerably  in  order  to  bring  the  de- 
flections  within  the  range  of  the  scale.   The  value  of 
the  vavelength  determined  from  the  position  of  the  first 
maxima  was  8.14  p  .   Since  this  value  was  'nuch  too  low 
according  to  the  measurements  of  Rubens  and  Nichols,  and 
since  no  special  care  had  been  exercised  in  procuring 
normal  incidence  upon  the  grating,  the  adjustments  were  all 
made  again  in  as  careful  a  manner  as  possible.   The  mirror 
m,  was  moved  until  the  diameter  of  the  beam  reflected 
across  the  room  remained  constant.   In  order  to  secure 
normal  incidence  a  long    narrow  mirror  with  the  silvered 
side  next  to  the  wires  was  placed  carefully  on  the  grating 
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above  the  portion  which  was  bein-  used,  and  the  mirror 
m, turned  about  a  vertical  axis  until  the  reflected  image 
of  the  filament  lay  in  the  prolongation  of  the  filament 
itself.   The  wires  of  the  grating  and  slit S  were   arranged 
parallel  to  each  other  by  means  of  a  fine  silk  thread 
plumb  line  viewed  through  a  telescope.    The  filament  was 
tnen  adjusted  parallel  to  S.   These  adjustments  were  of 
course  all  made  after  the  spectrometer  table   had  been 
leveled.   The  quart*  surfaces  were  then  put  in  place,  and 
the  positions  of  the  first  maxima  on  either  side  of  the 
central  image  determined  as  follows.   The  observer  at  H 
moved  the  spectrum  across  the  slit   S  by  turning  the  rod 
L  until  he  was  sure  he  had  passed  beyond  the  position  of 
the  maximum  in  the  1st  order  spectrum.   L  was  then  turned 
slowly  in  the  reverse  direction  as  the  observer  watched 
the  action  of  the  radiometer  through  the  telescope  T.   When 
it  became  evident  that  the  maximum  was  approaching  the  alit 
of  the  spectrometer  the  screen  K  was  IcArered  and  when 
the  steady  conditions  were  reached  K  was  raised  and  the 
deflection  noted  *   K  was  then  again  lowered  and  another 
setting  made,  and  so  on  until  the  first  spectrum  on  the 
opposite  side  of  the  central  image  was  reached.   In  the 
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neighborhood  of  the  position  of  naximum  deflection  settinpa 
at  every  minute  of  arc  on  the  spectrometer  were  made,  care 
boinr  taken  always  to  make  the  setting  by  turning  L  in  the 
same  direction.   In  order  not  to  bias  the  judgment  no 
differences  between  spectrometer  readings  v/ere  taken  until 
the  observations  were  completed.    Regarding  the  position 
of  the  central  imape  as  the  zero  on  the  spectrometer  the 
positions  of  the  maxima  were  on  the  one  side  1  -58'  on 
the  other  1°  -58'.   For  a  grating  constant  equal  to  .<2414  mm 
the  value  of  the  wavelength  for  thr's  angle  is  8.28a  .   Al- 
though two  different  gratings  and  four  different  sources 
namely;  a  Nernst  filament  110  ?,  A.C.,  a  Nernst  filament 
76  V,  D.C.,  a  Welsbach  mantle  and  a  hot  platinum  wire 
have  been  used  I  have  been  totally  unable  to  obtain  a  value 
higher  than  this.   It  is  with  some  hesitation  that  I  give 
these  results  ,  my  only  excuse  being  that  I  have  sought 
diligently  for  a  source  of  error  and  have  been  able  to 
find  none.   Objection  night  be  raised  to  the  use  of  a  Nernst 
filament  without  a  slit.   To  this  it  seems  only  necessary 
to  say  that  the  value  of  the  wavelength  obtained  when  the 
filament  was  replaced  by  a  Welebach  and  slit  was  8.25M    • 
Frequently  after  having  determined  the  positions  of  the 
three  maxima  i.  e.,  the  first  order  on  the  left,  the  cen- 
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tral  image  and  the  first  order  on  the  right,  the  spectra 
were  again  shifted  across  the  slit  and  the  poeitions   of 
the  three  maxima  again  determlnt-d,  with  the  same  result 
within  the  limits  of  error  of  observation,  thus  always 
showing  that  the  apparatus  underwent  no  change  during  a 
series  of  observations. 

Aschkinass  (  Annalen  65,  p.  24:1,  (1898)  has  found  that 
marble  (  white)  reflects  strongly  in  the  neighborhood  of 
•avelength  6»7//(  which  value  he  obtained  by  the  method  of 
Reststrahlen.   The  value  I  have  obtained  for  white  marble 
is  6.77/^ 

The  remainder  of  this  paper  will  be  devoted  to  a  con- 
sideration of  substances  whose  Reststrahlen  have  not  been 
determined  before.   It  was  not  possible  to  cut  the  crystals 
with  any  reference  to  the  optic  axis,  nor  does  this  seem 
necessary,  for  the  experiments  with  quartz  have  shown 
that  the  plienomena  are  independent  of  the  direction  in 
which  the  fa«0«  are  cut.   Furthermore  owing  to  the  small 
size  of  the  crystaJs  the  number  of  surfaces  used  has  been 
uniformly  only  three. 

Potaaeium  d i_c hr o tna t .e «  -  Crystals  of  this  substance  readily 
take  a  high  polish.   In  area  the  surfaces  obtained  varied 
from  three  to  six  square  centimoters.   The  curve  is  plotted 
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in  the  way  usually  emplcyed  in  measurements  of  this  kind  with 
spectrometer  readings  as  abscissae  and  deflections  of  the 
rad:iometer  as  ordinates.   The  curve  is  taerefore  symmetrical 
about  the  maximum  deflection  corresponding  to  the  central 
image. 

In  order  to  make  clear  the  meaning  of  this  as  well  as 
the  curves  that  follow,  I  have  added  another  which  shows 
the  distribution  of  the  energy  from  a  76  V.  D.C.  Mernst 
glower  in  the  grating  spectra,  from  the  central  image 
out  beyond  101'  in  the  first  order  spectrum.     This  curve 
was  obtained  by  substituting  for  S,  B^  S,  sjlver  on  glass 
mirrors.   The  maximum  deflection  in  the  central  image  is 
not  given  because  it  was  too  large  to  be  read  on  the  scale, 
notwithstanding  the  fact  that  the  aperture  of  the  mirror  m^ 
was  cut  down  to  the  size  of  a  pin  head.   ABCD  shows  the 
energy  distribution  in  the  first  order  spectrum.  B  is  the 
point  of  maximum  emission  of  energy  from  the  source.   Its 
angle  of  deviation  is  approximately  20*  which  corresponds 
to  a  wavelength  A  »  1.4M  .   Assuming  the  law  A  0  =  const.,  we 
getfor  the  temperature  of  the  glower  2062*' C.  Abs. 

In  all  the  curves  which  follow  we  find  these  emission 
maxima  on  either  side  of  the  central  image.   An  examination 
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of  the  curves,  however,  wil3  show  that  there  is  some  varia- 
tion in  their  position  relative  to  the  central  image.   This 
shifting  may  be  due  to  several  causes.   In  the  first  place 
the  current  through  the  filament  was  not  the  same  for  any 
two  curves,  and  in  the  second,  if  the  substance  should 

possess  any  strong  reflecting  power  in  the  neighborhood 

an 
of  this  maximum,  the  result  would  be^apparent   shifting 

of  the  energy  maximum,  in  either  one  direction  or  the  other. 

We  will  return  to  the  consideration  of  the  potassium 
dichromate  curve.   D  and  E,  then,  are  the  "laxima  due  solely 
to  the  energy  emission  of  the  source.   By  increasing  the 
number  of  surfaces  these  could  doubtless  be  cut  out  as  was 
found  to  be  the  case  with  quarti.   With  three  quartz  sur- 
faces these  maxima  occur  in  approximately  the  same  posi- 
tion as  in  al]  the  curves  here  given,  but  by  increasing  the 
number  of  surfaces  to  four  they  disappear,  although  the 
curve  slopes  off  gradually  at  the  irase  on  either  side  of 
the  central  image  and  does  not  fall  to  zero  abruptly  as  does 
the  one  given  by  Rubens  and  Nichols  for  four  surfaces.   The 
cause  of  this  difference  is  undoubtedly  to  be  found  in 
the  greater  sensitiveness  of  the  instrument  u««4  in  this 
worl.  A  and  C  are  the  first  order  spectra  of  the  waves 
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most  strc.ngly  reflected  by  the  BUbetance,  or  what  has  been 
termed  the  Rests trahlen .   In  comparing  this  curve  *ith  the 
energy  curve  of  the  source  it  is  to  be  remembered  that  the 
aperture  of  the  mirror  m^  in  this  case  was  the  total  aper- 
ture, while  in  the  case  of  the  energy  curve  obtained  with 
the  silver  mirrors  it  was  not  over  a  millimeter 

The  angles  of  deviation  of  A  and  C  are  z"  -    28'  and  2  -  26' 
respectively.   The  wavelength  corresponding  to  2"^-  27'  is 

ia.3iy.<  . 
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Copper  Suljphate. 

The  quality  and  size  of  these  surfaces  W#r» 
similar  to  those  of  the  dichroiaate.   The  curve  presents 
the  same  peculiarities  only  appearing  different  because  of 
the  difference  in  the  scales  to  which  the  two  are  drawn. 
Positions  of  the  maxima. 

Energy  maxima,  18  1/2  and  20  1/2 

Reststrahlen  maxima     47'  1/2  and  46  1/2 
The  wavelength  corresponding  to    47*  is  2.30M. 
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Tartaric  Acid. 

The  reflecting  surfaces  obtained  In  this  case 
were  exceptionally  good^but  the  areas  of  the  surfaces  ware 
very  small,  not  over  3  sq.  cni.  for  the  largest  S^  . 

Positions  of  the  maxima. 

Energy  maxima^  19'  and  20» 

Reststrahlen  maxima^      l"  -21*  and  l"  -  22'. 

Wavelength  corresponding  to  1°  -  21'l/2'  is  5.72U,    • 
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Ammonium  Chloride' 

The  surfaces  of  ammonium  chloride  were  not  so  good 
but  were  much  larger  than  in  the  above  cases* 
Position  of  the  maxima - 

Energy  maxima       19*  and  21' 

Reatstrahlen  maxima   47*  and  48' 

Wavelength  corresponding  to  47  l/2'  is  3.44W,  , 
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Potassium  Sulphate . 

Large  crystals  of  this  substane*  ware  not  at  my 
disposal.   Aggregates  of  sraall  ones,  however,  were  found 
which  were  so  compact  that  surfaces  were  readily  polished 
on  them.   Although  the  surfaces  obtained  in  this  way  were 
somewhat  discontinuous  the  amount  of  energy  reflected  was 
aoply  sufficient  for  the  neasurements.   The  area  of  the 
largest  #as  not  over  4   sq*  era. 

Positions  of  the  rnaxiraa. 

Energy  maxiraay  21'  and  21' 

Reststrahlen  maxima,       2   -  and  2 

Wavelength  corresponding  to  2   is  8.42A^. 
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Potagsium  Bisulphite. 

These  surfacea  vore  also  obtained  by  poliehing 

aggregates  of  stnall  crystals  as  in  the  last  case* 
Positions  of  the  maxima. 
Energy  maxima,  20'  and  2l'  1/2 

Reststrahlen  maxima^       1  -  56*  and  1   -  58* 
Wavelength  corresponding  to  1  -  57*  is  8.21^^. 
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Potassium  f >rrocyani<i»» 

The  somewhat  cheesy  nature  of  potasBium  ferro- 
cyanide  rendered  it  difficult  to  obtain  surfaces  of  suf' 
ficient  reflecting  povrer.   Succesa  was  finally  obtained 
and  the  aacorapanyinp  curve  shows  the  results. 
Positions  of  the  maxima. 
Energy  maxima,  22'  and  24*. 

Reststrahlen  maxima.      1-9'   and  1   -  9  '. 
Wavelength  corresponding  to  1  -  9*  is  4.84^f^,  • 
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Suntnary  of  R>»ult8 . 

Wavelengths  of  the  ReetBtrahlen  from  various 
•  ubstances  below  11^^  deterTniiied  from  measurttmants  on 
let  order  spectra. 


Substance 


Source 


Wavelength 


Quarts 

Marble( white) 
Potassium  dichroraate 
Copper  sulphate 
Tartaric  acid 
A.mmonium  chloride 
Potassium  sulphate 
Potassium  bisulphite 
Potassium  ferrocyanide 
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Th6  following  table  giving  the  substances  whoss  Rast- 
strahlen  have  been  determined  by  others  Is  added  for  the 
sakR  of  completeness t 


Substance     By  wh«m  measured  Wavelengths  inU, 


Quarts  Rubens  and  Nichols  8.50,  9.02,  20.75 

Mica             "           "  9.20,18.40,  21.25 

Fluorite         "           "  24.4 

Rock  Salt  Rubtne  and  Aschkinass  51.2 

Sylvine          •            "  61.1 

Marble  Aschkinase  6.69,  29.4 


Before  concluding  I  wish  to  say  a  few  words  in  regard  to 
some  experiments  which  have  been  made  with  a  view  to 
dettrraining  whether  or  not  the  waves  in  the  neighborhood 
of  8.5 ^^  can  be  elliptically  polarised  by  reflection 
from  a  quartz  surface.   The  fact  that  one  is  compelled 
to  keep  both  the  source  and  the  radiometer  in  fixed 
positions  has  rendered  the  necessary  adjustments  very 
difficult.   For  polarizer  and  analyzer  I  have  used  two 
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small  fluoritB  plates  about  2  1/2  centimeters  square. 
At  this  wavelength  fluorite  reflects  only  about  2'^    of 
the  energy  incident  upon  it,  consequently,  by  the  time 
the  radiations  have  suffered  reflection  at  two  fluorite 
and  three  quartz  surfaces  there  is  very  little  energy  left 
at  one's  disposal.   Although  I  have  not  succeeded  in 
carrying  out  the  experiment  to  a  definite  conclusion  the 
preliminary  teste  have  shown  that  the  radiometer  is 
sufficiently  sensitive  to  detect  the  eraall  quantity  of 
energy  with  which  one  has  to  deal*   I  therefore  hope  to 
obtain  soma  reeults  which  will  be  conclusive  on  this 
point. 

To  Professor  Joseph  S.  Ames  .under  whose  direction  this 
work  lias  been  done  , I  am  greatly  indebted  chiefly  for  his 
valuable  suggestions  and  hie  unfailing  interest. 
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